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Effect of non-surgical periodontal therapy
on glycemic control of type 2 diabetes
mellitus: a systematic review and Bayesian
network meta-analysis
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Abstract

Background: Glycemic control is vital in the care of type 2 diabetes mellitus (T2DM) and is significantly associated
with the incidence of clinical complications. This Bayesian network analysis was conducted with an aim of
evaluating the efficacy of scaling and root planning (SRP) and SRP + adjuvant treatments in improving glycemic
control in chronic periodontitis (CP) and T2DM patients, and to guide clinical practice.

Methods: We searched the Pubmed, Embase, Cochrane Library and Web of Science databases up to 4 May 2018
for randomized controlled trials (RCTs). This was at least three months of the duration of study that involved
patients with periodontitis and T2DM without other systemic diseases given SRP. Patients in the control group did
not receive treatment or SRP combination with adjuvant therapy. Outcomes were given as HbA1c% and levels
fasting plasma glucose (FPG). Random-effects meta-analysis and Bayesian network meta-analysis were conducted to
pool RCT data. Cochrane’s risk of bias tool was used to assess the risk of bias.

Results: Fourteen RCTs were included. Most were unclear or with high risk of bias. Compared to patients who did
not receive treatment, patients who received periodontal treatments showed improved HbA1c% level, including
SRP (the mean difference (MD) -0.399 95% CrI 0.088 to 0.79), SRP + antibiotic (MD 0.62, 95% CrI 0.18 to 1.11), SRP +
photodynamic therapy (aPDT) + doxycycline (Doxy) (MD 1.082 95% CrI 0.13 to 2.077) and SRP + laser (MD 0.66 95%
CrI 0.1037, 1.33). Among the different treatments, SRP + aPDT + Doxy ranked best. Regarding fasting plasma glucose
(FPG), SRP did not show advantage over no treatment (MD 4.91 95% CI − 1.95 to 11.78) and SRP with adjuvant
treatments were not better than SRP alone (MD -0.28 95% CI -8.66, 8.11).

Conclusion: The results of this meta-analysis seem to support that periodontal treatment with aPDT + Doxy
possesses the best efficacy in lowering HbA1c% of non-smoking CP without severe T2DM complications. However,
longer-term well-executed, multi-center trails are required to corroborate the results.
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Adjuvant therapy

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: zhb2540@csu.edu.cn
1Department of Prosthodontics, Xiangya Stomatological Hospital & School of
Stomatology, Central South University, 72 Xiangya Road, Changsha 410000,
China
Full list of author information is available at the end of the article

Cao et al. BMC Oral Health          (2019) 19:176 
https://doi.org/10.1186/s12903-019-0829-y

http://crossmark.crossref.org/dialog/?doi=10.1186/s12903-019-0829-y&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:zhb2540@csu.edu.cn


Background
Periodontitis is a chronic inflammatory disease caused
by pathogens in the surrounding periodontal tissues,
that results in the periodontal pocket formation, clinical
attachment loss and alveolar bone resorption and ultim-
ately leads to tooth loss [1, 2]. Epidemiological evidence
has shown that periodontitis affects over 50% of the
adult worldwide, indicating a dose-response relationship
with oral health relates to the quality of life [3, 4]. It is
well-known that periodontitis is highly associated with
T2DM, and now periodontitis is regarded as the sixth
complicated form of T2DM [5]. Compared to non-
diabetics, patients with diabetes present worse clinical
manifestation of periodontitis [6]. Besides, moderate to
severe periodontitis increases the risk of T2DM and
leads to poor glycemic control in diabetics [7, 8].
Glycemic control is vital in the care of T2DM and is

significantly associated with the incidence of clinical
complications. One percent reduction in HbA1c% is as-
sociated with 14% reductions in risk of myocardial in-
farction, 21% for deaths related to diabetes and 37% for
microvascular complications [9]. Studies indicate that
scaling and root planing (SRP) or SRP plus adjuvant
treatment could improve glycemic control in patients
with T2DM and CP, but no effective conclusion has been
reached regarding the best treatment. Besides, there is
conflicting evidence regarding glycemic control of vari-
ous adjuvant treatments in SRP. For instance, SRP
followed by locally delivered Atorvastatin (ATV) did not
show a reduction of HbA1c% compared to SRP [10],
while additional benefits were found after adjuvant ther-
apy with aPDT [11]. Previous meta-analyses usually
compared periodontal treatment with no treatment [12].
Few of meta-analyses have focused on adjuvant therapy,
but adjuvant therapy is limited to a single type, such as
aPDT [13] and systemic antibiotics [14, 15]. Therefore, a
more comprehensive study is needed to clarify whether
SRP or SRP with adjuvant treatments could improve gly-
cemic control in patients diagnosed with T2DM, and po-
tentially find the best treatment to provide evidence for
clinical practice.
This Bayesian network analysis aimed to address the

following focused question based on the Population,
Intervention, Comparison, Outcomes, Study Design
(PICOS) schema: “In chronic periodontitis with T2DM,
does periodontal treatment with/without adjuvant treat-
ment compared to no treatment or periodontal treat-
ment with adjuvant treatment compared to periodontal
treatment alone, result in better glycemic control in ran-
domized controlled clinical trials?”

Methods
This review was not registered as a priori protocol but
followed the PRISMA and the PRISMA extension for

Systematic reviews and Meta-Analyses network meta-
analysis, respectively.

Eligibility criteria
The studies were considered eligible for inclusion if they
met the following criteria based on PICO schema:

� Participants: Adult patients (aged ≥30 years) with no
gender, age and career predilection diagnosed as
periodontitis and T2DM

� Intervention: Comparing SRP with no treatment, or
comparing SRP with SRP plus adjuvant treatment,
or comparing SRP plus adjuvant therapy with
different adjuvant therapies

� Outcoming: HbA1c% and fasting plasma glucose
(FPG) (mean change in parameters from baseline to
follow-up visits)

� Study design: Randomized clinical trial (RCT)
� Follow up: At least three months
� Language: English

Exclusion criteria

� Split-mouth randomized controlled clinical trial
� Pregnancy and lactation
� Current smoking and smoking within the past

5 years
� Studies including subjects who had systemic

conditions (except T2DM) and major complications
of T2DM

� Periodontal treatment and antibiotic use within the
previous three months

� Periodontal support therapy within three months
� Sample sizes of each group less than 10
� Studies that did not report the value of HbA1c

and FPG

Information sources and literature search
We searched the Pubmed, Embase, Cochrane Library
and Web of Science Databases from inception to 4 May
2018. The following MeSH terms/free terms and their
combinations were searched to find potentially eligible
studies (Additional file 1). Also, the reference lists of
relevant articles and relevant systematic reviews were
manually searched to find other potentially eligible
studies.

Study selection
Two independent reviewers (R.Y. Cao and Q.L. Li)
screen identified eligible studies based on their titles/ab-
stracts and full texts. Any disagreements were resolved
by discussion or through an adjudication by a third re-
view (M.F. Yao).
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Data extraction and data items
Two independent investigators (R.Y. Cao and Q.L. Li)
extracted and recorded relevant data from eligible stud-
ies by pre-designed data-extraction forms: study char-
acteristics (first author, publication year, country),
patient characteristics (age, sex,inclusion criteria of
T2DM and periodontitis, T2DM duration, T2DM treat-
ment), intervention and control treatment protocols,
sample size, outcome details (detection method of
HbA1c%, ΔHbA1c%, ΔFPG), follow-up period, adverse
events. Inconsistencies were settled through discussions
until an agreement was reached.

Risk of bias in individual trails
The risk of bias of included studies was assessed inde-
pendently by two reviewers (R.Y. Cao and Q.L. Li) with
Cochrane Collaboration tool. The items for Cochrane tool
included random sequence generation; allocation conceal-
ment; blinding of participants and personnel assessment;
incomplete outcome data; selective outcome reporting
and other bias. We did not assess the blinding of the out-
come because our outcomes (HbA1c% and FPG) were ob-
jective indicators. Inconsistencies were settled through
discussions until an agreement was reached.

Outcomes and data synthesis
The treatment outcomes were the absolute difference
(AD) in HbA1c% and FPG at three to four months after
periodontal treatment. When the standard deviations
(SD) for the outcomes were not available, it was cal-
culated by assuming that the correlation coefficient was
0.5 as previously described [16, 17].
The data used was a follow-up of 3–4months. First, a

random-effects pairwise meta-analysis was performed
with the Stata 14.2 (Stata Corporation, College Station,
TX, USA). The mean difference (MD) and 95% confidence
intervals (CIs) were used to compare continuous variables
as previously described [12]. Second, we did a Bayesian
network analysis by using Markov chain Monte Carlo
methods via GeMTC package 0.8 implemented in R 3.2.2.
We also assessed study design information and patient
characteristics to evaluate the transitivity assumption for
reliable data pooling with sufficient similarity between the
included trials [18, 19]. Both non-informative uniform and
normal prior distributions were used throughout the
network meta-analysis [20]. Markov chain Monte Carlo
methods with four chains of 300,000 iterations after a
burn-in phase of 180,000 iterations were used to gain MD
and 95% credible intervals (CrIs). We used CrIs beyond
the null value to assess significance. We also performed a
sensitivity analysis by setting a uniform prior standard de-
viation (“std.dev”, “dunif”, 0, 2). Model selection (fixed vs
random effects) was based on the assessment of the devi-
ance information criterion (DIC) [21]. We then reported

the results of the random-effects model. Brooks-Gelman-
Rubin diagnostic plot was used to assess model conver-
gence of network analysis [19]. We also ranked the differ-
ent treatments in terms of lowering the HbA1c% level
using the same methods [20].
The goodness of fit of the model assessed the

consistency assumption of this network analysis and it
was tested by calculating the posterior mean residual de-
viance (Dbar). When the Dbar was similar to the num-
ber of data points in the study, the model was taken into
account for fitting the data well [22]. Moreover, we also
examined the pooled effects from traditional pairwise
meta-analysis and network meta-analysis to further ver-
ify the consistency of the network. Inconsistency was
assessed by comparing direct evidence with indirect evi-
dence from the entire network on each node (node-split-
ting analysis) with p < 0.05 [23]. Heterogeneity was
assessed by I2 calculation. To verify the robustness of
our analyses, we performed a sensitivity analysis by ex-
cluding studies with HbA1c% > 9 or < 7 as the baseline.
We also conducted comparison-adjusted funnel plots to
assess publication bias. All statistical analyses were
performed using Review Manager 5.3 (Cochrane Colla-
boration, Oxford, UK), R 3.2.2 (R Foundation for Statis-
tical Computing, Vienna, Austria) and Stata 14.2 (Stata
Corporation, College Station, TX, USA).

Quality of network meta-evidence
We assessed the quality of evidence for direct estimates
based on the GRADE criteria [24] using five items (risk
of bias, imprecision, indirectness, inconsistency and
publication bias). We used an approach that proposed
by Puhan et al. and Brignardello-Petersen et al. to as-
sess the quality of evidence for indirect and network
estimates.

Results
Study selection
The literature search identified 586 possibly eligible
articles, 86 articles were fully accessed after excluding
duplicates and unsuitable studies by title/abstract, while
72 of them were not considered eligible for inclusion
(Additional file 2). A total of 14 trials with 629 patients
were included in this network meta-analysis. Figure 1
shows phases of the screening process.

Characteristics of included studies
Tables 1 and 2 presented the main characteristics of the
14 included studies. All studies were RCTs, and were
followed up for 3–12months. All the patients had
T2DM and chronic periodontitis, but the diagnostic cri-
teria of T2DM were not reported in most studies. The
T2DM duration was from 4 to 11.8 years. T2DM treat-
ments mainly included diet and insulin supplementation
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or oral hypoglycemic agents. The baseline of HbA1c%
varied widely, from 6.2 to 10.4. Periodontal treat-
ments were performed by SRP, within 24 h - 2 weeks.
Most studies gave oral hygiene instruction to subjects.
All studies reported the outcomes of HbA1c%, few
reported on FPG. Four studies did not report adverse
events, and three studies [30, 32, 33] showed side
effects, such as taste perception, dry mouth, head-
ache, diarrhoea. Ten studies reported the method of
HbA1c% determination. The network meta-analysis
included 7 treatments (Fig. 2), including SRP (n =
280), no treatment (n = 76), SRP + antibiotic (doxycyc-
line (Doxy), metronidazole + amoxicillin, Doxy) (n =
130), subantimicrobial dose doxycycline (SDD) (n = 17),
locally-delivered drugs (atorvastatin gel, simvastatin gel,
chlorhexidine gel) (n = 66), laser (diode laser, aPDT) (n =
45) and SRP +Doxy + aPDT (n = 15). The plots indicated
that most of the direct evidence between different adju-
vantive treatments was lacking.

Risk of bias in included studies
Figure 3 presented reviewers’ judgments on the risk of bias
in the referred RCTs. Most included studies were found to
have methodological issues, with the most problem-
atic domains being the allocation concealment (un-
clear or high risk in 35.7% of studies). Though the
included studies were RCTs, 35.7% studies did not re-
port the details of the randomized method. One study
had an low risk of selective outcome reporting bias.
In addition, two studies also might have had other

bias, because we could not judge if there were base-
line imbalances between groups (Additional file 3).

Efficacy of different treatments for the reduction of
HbA1c% in subjects with CP and T2DM
In traditional meta-analysis (Table 3), SRP + laser
showed additional benefits compared to SRP alone (0.19
[0.08, 0.30]). There was statistically significant reduction
in HbA1c% after treated with SRP + antibiotic (0.82
[0.33, 1.31]) compared to no treatment. In addition,
there was no other significant difference was observed
among the rest of the comparisons. The overall hetero-
geneity was high (Global I2 = 83.2), but mainly between
SRP and no treatment (I2 = 94.2), while the heterogeneity
was lower in other subgroups (I2 = 0).
In network meta-analysis, sensitivity analysis indicated

that both non-informative uniform and normal prior
distributions were properly used (Additional file 4). SRP
+ antibiotic (0.61 [0.16, 1.1]), SRP + aPDT + Doxy (1.1
[0.11, 2.1]), SRP + laser (0.66 [0.097, 1.3]) and SRP alone
(0.40 [0.086, 0.80]) was significantly better than no treat-
ment in improving HbA1c%, separately (Fig. 4). No
other significant difference was observed among the rest
of the comparisons. The probabilities the most effective
treatment methods of decreasing HbA1c% was SRP +
aPDT + Doxy (71.2%), followed by SRP + laser (13.6%),
SRP + SDD (8.6%), SRP + antibiotic (3.8%), SRP (0.2%)
and no treatment (0.02%) (Fig. 5). The Global I2 was
86.18, except that between SRP and no treatment or
SRP + laser were 95.63 and 23.56, respectively, the other
subgroups were 0 (Table 4).

Fig. 1 Flow chart of articles search and screening process
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Efficacy of different treatments for the reduction of FPG
in subjects with CP and T2DM
We only did a pairwise meta-analysis, because there
were only 5 available studies. SRP was not better than
no treatment in FPG reduction (4.91 [− 1.95, 11.78], I2 =
46.6%) (Additional file 5). Moreover, no significant dif-
ference was observed between SRP + adjuvant and SRP
(− 0.28 [− 8.66, 8.11], I2 = 0.0%).

Model fit and evaluation of consistency
The model fitted the data well for the Dbar approxi-
mated data points in both outcomes (Additional file 6),
and the effects of most comparisons between pairwise
and network meta-analysis were similar in the relevant
CI or CrI (Table 3). In addition, the node-splitting ana-
lysis also showed that there was no inconsistency among
direct, indirect and network outcomes with P > 0.05
(Table 5).

Sensitivity analysis and publication bias
To explore whether the baseline level affects the final
effects, we excluded studies with relative higher HbA1c%
(> 9%) or relative lower HbA1c% (< 7%). The results
were shown in Additional file 7. When we excluded the
studies with HbA1c% > 9%, no major changes were
found except for SRP + laser versus no treatment, from
0.66 [0.097, 1.3] to 0.59 [− 0.15, 1.4]. Nevertheless, if we
excluded studies with HbA1c% < 7%, no significant

difference was found any treatment comparisons. The re-
sult of the comparison-adjusted funnel plot of HbA1c%
reduction revealed there may be publication bias owing
asymmetry (Fig. 6).

Fig. 3 Judgements about each risk of bias item for each
included study

Fig. 2 Network of the interventional comparisons for the Bayesian
network analysis. The size of the nodes is proportional to the
number of subjects (sample size) randomized to receive the therapy.
The width of the lines is proportional to the number of trials
comparing each pair of treatments. aPDT, antimicrobial
photodynamic therapy; Doxy, doxycycline; antibiotics (Doxy,
metronidazole + amoxicillin); local, locally-delivered drugs
(atorvastatin gel, chlorhexidine gel, simvastatin gel); laser (diode
laser, aPDT); SDD, subantimicrobial dose doxycycline; SRP, scaling
and root planing, NT, no treatment
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Quality of network meta-evidence
We used Grade approach to assess the quality of evi-
dence and the results were presented in Fig. 4. Most of
the comparisons were found to be of low quality evi-
dence, four comparisons (SRP + antibiotic vs. SRP +
aPDT + Doxy, SRP + laser vs. SRP/SRP + antibiotic/
aPDT + Doxy) were considered to have moderate
quality of evidence and three comparisons (SRP +
laser/ local-delivery drugs) were considered as low-
quality of evidence. These indicate that we have lim-
ited confidence in these recommendations, and future
research may change them.

Discussion
This network meta-analysis of 14 RCTs including 629
patients that compared the HbA1c% reduction of differ-
ent treatments indicated that all the treatments might
improve HcA1c% than no treatment except for SDD or
local-delivery drugs adjunctive to SRP. Furthermore,
among the treatments, SRP + aPDT + Doxy was the
most effective. No evidence of effectiveness was found in
the lowering of FPG.

Evidence-based data of the periodontal treatment ef-
fect on glycemic control in T2DM are limited. Although
some studies have compared SRP with no treatment or
SRP + adjuvant treatment, there was still a lack of suffi-
cient data comparing the different adjuvant treatments.
Our study included all periodontal treatments that met
our inclusion criteria and made a more overall evalu-
ation. The results from network meta-analysis and trad-
itional meta-analysis were largely consistent. Even so,
laser might improve the efficacy of SRP in HbA1c% re-
duction in our pairwise meta-analysis (0.19 [0.08, 0.30]),
but not in our network meta-analysis (0.25 [− 0.24,
0.78]). This inconsistency may be attributed to chance
alone, as only one study with small sample size provided
direct evidence. The inconsistency was also found when
comparing SRP with no treatment. SRP could reduce
periodontal pathogens, and subsequently inhibit cyto-
kines associated with inflammatory markers, leading to
decreased glucose [37]. Our network meta-analysis sup-
ported the efficacy of SRP (0.40 [0.088, 0.80]), and was
consistent with previous meta-analyses [5, 38]. Although
our pairwise meta-analysis showed that SRP was not bet-
ter than no treatment (0.45 [0.00, 0.89]), the lower

Fig. 4 Multiple-treatment comparisons and the quality of evidence for ΔHbAlc%. aPDT, antimicrobial photodynamic therapy; Doxy, doxycycline;
antibiotics (Doxy, metronidazole + amoxicillin); local, locally-delivered drugs (atorvastatin gel, chlorhexidine gel, simvastatin gel); laser (diode laser,
aPDT); SDD, subantimicrobial dose doxycycline; SRP, scaling and root planing, NT, no treatment

Table 3 Comparison of outcomes between traditional meta-analysis and Bayesian network meta-analysis

treatment comparison traditional meta-analysis network meta-analysis

SRP + Antibiotic vs. SRP 0.21 (-0.03, 0.45) 0.20 (-0.17, 0.56)

SRP + Laser vs. SRP 0.19 (0.08, 0.30) 0.25 (-0.24, 0.78)

SRP + locally-delivered drug vs. SRP 0.00 (-0.05, 0.05) 0.0026 (-0.41, 0.43)

SRP + SDD vs. SRP -0.10 (-0.90, 0.70) -0.10 (-1.1, 0.89)

SRP + aPDT + Doxy vs. SRP + Antibiotic 0.46 (-0.16, 1.08) 0.46 (-0.40, 1.31)

SRP + Laser vs. SRP + Antibiotic 0.23 (-0.40, 0.86) 0.053 (-0.48, 0.61)

SRP vs. No treatment 0.45 (0.00, 0.89) 0.40 (0.088, 0.80)

SRP + Antibiotic vs. No treatment 0.82 (0.33, 1.31) 0.61 (0.16, 1.11)

SRP scaling and root planing, SDD subantimicrobial dose doxycycline, aPDT antimicrobial photodynamic therapy, Doxy doxycycline
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bound of the 95% CI was 0. Heterogeneity between
SRP and no treatment is extremely high in both pair-
wise and network meta-analysis, this may due to the
fact that the baseline of HbA1c% is not balanced in
the 3 included studies and they may have serious
methodological issues. For example, they did not re-
port how to perform allocation concealment. More
well-executed and multi-center trails are still required
to explore the effect of SRP.
We also found an interesting phenomenon that SRP +

SDD / local-delivery drugs did not showed any advan-
tages of improving HbA1c% than no treatment. It seems
illogical since SRP alone was better than no treatment.
There was only one study with small sample sizes in
SRP + SDD; further trials are needed to ascertain the role
of SDD in improving HbA1c%. The uncomparable base-
line of HbA1c% may be attributed to the inefficacy of
SRP + local-delivery drugs: HbA1c% > 10 for Santos et al.
[30]; HbA1c% < 7 for Pradeep et al. [29], Kumari et al.

Sensitivity analyses indicated that the baseline of
HbA1c% may influence the efficacy of the periodontal
treatments. After we excluded the studies with HbA1c% >
9, the major results did not change greatly. Nonetheless,
when the studies with HbA1c% < 7 were excluded, all
treatments except SRP + antibiotic could not significantly
decrease HbA1c% compared to no treatment. Longitu-
dinal studies involving subjects with different HbA1c% is
therefore warranted.
Antibiotics are commonly applied in periodontal treat-

ment. They could significantly decrease the levels of
TNF and IL-6 in serum [39]. TNF and IL-6 could
impair intracellular insulin signalling, potentially lead-
ing to insulin resistance [40]. Contrary to our ex-
pectations, we found it couldn’t provide additional
benefits compared to SRP alone (0.20 [− 0.17, 0.56]).
This was in conformance with findings of Wang et
al.(− 0.238 [− 0.616, 0.140]) [11] and Lira Junior et
al.(− 0.11[− 0.35,0.13]) [14].

Table 4 Analysis of heterogeneity

t1 t2 i2.pair i2.cons incons.p

HbA1c%

Per-comparison I-squared

SRP + Antibiotic SRP + aPDT + Doxy NA NA NA

SRP + Antibiotic SRP + Laser NA 0.00 0.62

SRP + Antibiotic NT NA 0.00 0.587

SRP + Antibiotic SRP 0.00 0.00 0.98

SRP + SDD SRP NA NA NA

SRP + Laser SRP NA 23.56 0.77

SRP + Locally-delivered drugs SRP 0.00 0.00 NA

NT SRP 95.43 95.63 NA

Global I-squared 88.11 86.18

SRP scaling and root planing, SDD subantimicrobial dose doxycycline, t1 treatment 1, t2 treatment 2, i2.pair i-square of pair-wise meta-analysis, i2.cons i-square of
network meta-analysis, incons.p inconsistency p-values for pairwise and network meta-analysis, NA not applicable

Fig. 5 The rank of different treatments. aPDT, antimicrobial photodynamic therapy; Doxy, doxycycline; antibiotics (Doxy, metronidazole +
amoxicillin); local, locally-delivered drugs (atorvastatin gel, chlorhexidine gel, simvastatin gel); laser (diode laser, aPDT); SDD, subantimicrobial dose
doxycycline; SRP, scaling and root planing, NT, no treatment
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Laser, especially aPDT has been attracting huge inter-
est in adjunct to SRP due to its better antibacterial
ability with lower technically sensitive. In our network
meta-analysis, we included three RCTs that compared
laser to other treatments (SRP + aPDT vs. SRP, SRP +
diode laser vs. SRP and SRP + aPDT vs. SRP + Doxy).
We found SRP + laser was better compared to no

treatment (0.66 [0.097, 1.3]) but not SRP (0.25 [− 0.24,
0.78]). Similarly, a meta-analysis of 2 RCTs was con-
ducted by Abduljabbar et al. showed that aPDT didn’t
provide additional benefits compared to SRP alone
(0.035 [− 0.47, 0.54]) [13]. However, one of its included
RCT [11] was used in treating their patients with doxy-
cycline. In our opinion, it might intensify the effect of
aPDT, so we considered it as an independent group
(aPDT + Doxy) rather than the laser group. In our net-
work meta-analysis, aPDT + Doxy adjunctive to SRP
was ranked best among the comparisons, although there
was only one trial of 30 patients was included. It is diffi-
cult to draw a solid conclusion with such a small
amount of RCTs. Thus, we look forward to more well-
executed and multi-center trails.
Regarding FPG, SRP was not better than no treatment

(4.91 [− 1.95, 11.78]), and adjuvant treatments did not
show any advantage than SRP alone (− 0.28 [− 8.66,
8.11]). The results are consistent with Corbella et al.
[17]. However, Sgolastra et al. [41]and Teshome et al.
[42] support the effectiveness of periodontal treatment
in lowering FPG. Since few studies have reported the re-
sults of FPG, it is difficult to draw a conclusion. There-
fore, more RCTs were expected to clear out the real
effect of periodontal treatments.
This network meta-analysis has several limitations.

First, only included English studies were included and
their quality is the principal limitation, a low risk of bias
was found in six of the 14 included studies. Second, the
sample sizes were relatively small, from 30 to 66 sub-
jects. The follow-up duration of the trials was short,

Fig. 6 Publication bias assessment for ΔHbAlc%. aPDT, antimicrobial photodynamic therapy; Doxy, doxycycline; antibiotics (Doxy, metronidazole
+ amoxicillin); local, locally-delivered drugs (atorvastatin gel, chlorhexidine gel, simvastatin gel); laser (diode laser, aPDT); SDD, subantimicrobial
dose doxycycline; SRP, scaling and root planing, NT, no treatment

Table 5 The results of node-spitting analysis

comparison p-value MD (95%CrI)

HbA1c%

SRP + Antibiotic vs. SRP + Laser

direct 0.61455 0.23 (-0.66, 1.1)

indirect -0.059 (-0.83, 0.72)

network 0.043 (-0.49, 0.62)

SRP + Antibiotic vs. No treatment

direct 0.5605667 -0.82 (-1.7, 0.036)

indirect -0.53 (-1.2, 0.090)

network -0.62 (-1.1, -0.18)

SRP + Antibiotic vs. SRP

direct 0.6489667 -0.22 (-0.65, 0.22)

indirect 0.040 (-1.1, 1.2)

network -0.22 (-0.58, 0.15)

SRP + Laser vs. SRP

direct 0.5950500 -0.19 (-0.85, 0.47)

indirect -0.48 (-1.5, 0.50)

network -0.26 (-0.79, 0.23)

SRP scaling and root planing
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resulting in uncertain outcomes. With the foregoing lim-
itations, well-executed and multi-center trails comparing
the different adjuvant treatments, and extending the
follow-up duration up to 12 or 24months should be
conducted. Finally, this meta-analysis excluded split-
mouth RCT, patients with severe T2DM complications
and smorkers to meet the transitivity, indicating that the
conclusions of this meta-analysis apply to non-smoking
CP patients without severe T2DM complications. In
addition, though we have adopted strict eligibility cri-
teria, we also found high heterogeneity in comparing
SRP with no treatment. We also found a certain publica-
tion bias.

Conclusion
The results of this meta-analysis seem to support that
periodontal treatment with aPDT + Doxy possesses the
best efficacy in lowering HbA1c% of non-smoking CP
without severe T2DM complications. However, the qual-
ity of evidence is low or very low, and therefore further
studies are needed to confirm the results.
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